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A water characteristic and hydrogeologic study was conducted at the site of a
proposed lignite mine in Kemper and Lauderdale Counties, Mississippi. The goal of the
project was to collect background information on the conditions of subsurface and
surface water resources, prior to the development of the proposed mine. Every water
well, spring, stream, and pond within the project area was sampled, tested for specific
variables, and analyzed. Measurements of pH, temperature, dissolved oxygen, turbidity,
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limited ground water resources that are of good quality.
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CHAPTER I
INTRODUCTION
The study area is located in eastern Kemper County in the eastern central portion
of the state of Mississippi (Figure 1). The coal source will be the Moscow-Klondike unit
or the Kemper unit located within the Wilcox Group (Dalsin, 1979). The topography of
the study area is mostly low rolling hills. Vegetation in the area is thick consisting of
pine forests. Ponds and streams are found throughout the area.
Lignite is a low-grade coal found in the Gulf Coastal areas of Mississippi,
Alabama, Louisiana, and Texas (Breyer, 1991). Lignite occurs in the Paleocene and
Eocene Series of the Gulf Coast in the Midwayan, Sabinian, Claibornian, and Jacksonian
stages. Most of the lignite occurs within the Wilcox Group. The lignite that is found in
fluvial - deltaic depositional systems of the Paleocene and Eocene Series in the Gulf
Coast was originally deposited as back-swamp peat that accumulated in hardwood
swamps between alluvial ridges marking abandoned stream courses. The thickest lignite
coal seams are found at the confluence of upper delta plains and lower alluvial plains.
The swamps in these areas were much larger and persisted for longer periods of time,
which in turn led to the formation of thicker lignite seams (Breyer, 1991).
The study was conducted to determine the nature of the water resources in the
study area before the proposed development of a lignite mine in the area. The majority of
data were collected by land-owner surveys, testing all accessible wells, and using the
existing Mississippi Office of Land and Water Resources well logs, data files, and
1

locations of all springs and ponds found by using aerial photographs, topographic maps,
and the knowledge provided by local residents. Latitude and longitude of each well,
pond, and spring location was determined using a hand-held GPS unit. Temperature, pH,
conductivity, dissolved oxygen, turbidity, and color were recorded on site and also
through laboratory analysis. Analysis was completed for most wells, ponds, and streams
to establish the water quality in the study area. Although originally developed and
reported by the Mississippi State research team and I, some of the data, maps, and text
have been published in the Environmental Impact Statement in 2009
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CHAPTER II
SETTING
Location
The project area is located in the southwestern area of Kemper County and the
upper most northwestern area of Lauderdale County (Figure 1). Kemper County is
comprised of three major “belted” topographic divisions: the Black Prairie, a broad, lowlying belt with moderate relief and gently rolling hills; the Flatwoods, a broad, lowland
having a relatively smooth, gently undulating surface; and the North Central Hills, a
highland area, a maturely dissected plateau sloping gently to the southwest as referenced
by Hughes (1958,). Streams thoroughly dissect the upland areas forming dendritic
drainage patterns.

3

Figure 1

Location of Kemper/Lauderdale project area (digital-topo-maps, 2005)
Stratigraphy

Geologically, the site is on the eastern flank of the Mississippi embayment
(Cushing et al. 1964). The Mississippi embayment is a depositional basin comprised of a
thick sequence of marine, deltaic, and fluvial sediments that range in age from
Cretaceous to Quaternary (Figure 2,3). Hughes stated that these sediments generally
4

consist of gravel, sand, silt, clay, lignite, marl, chalk, and limestone (1958). Sedimentary
units generally dip to the south - southwest and the northern portions of the embayment,
including the site area, overlie older Paleozoic rocks consisting of limestone, shale, chert
and sandstone.
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Figure 2

Stratigraphy of the area (Dalsin, 1979).
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Figure 3

Regional stratigraphic section (Dalsin 1979).
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Figure 4

Location of Regional Cross-Section A-A’ (Dalsin 1979).

Lignite occurs in the Paleocene and Eocene Series of the Gulf Coast in the
Midwayan, Sabinian, Claibornian, and Jacksonian stages (Breyer, 1991). Local
stratigraphic conditions in the Kemper/Lauderdale area have been established from the
8

extensive shallow exploratory drilling of the lignite reserves, (EIS, 2009) and deep
drilling to investigate the proposed generation facility make-up water supply (EIS, 2009).
The study area is located in the outcrop of the Wilcox Group (Breyer, 1991). The
Wilcox averages approximately 400 ft thick in the study area and consists of sand, silt,
clay, and lignite deposits. The geophysical and stratigraphic data show that the lignite
seams targeted by proposed mining activity lie within the middle portion of the Wilcox,
principally in the Tuscahoma Formation and the Grampian Hills Member of the
Nanafalia Formation. Alluvial deposits exist beneath the floodplains of the larger
streams in the study area.
The geophysical log indicates the deep stratigraphy of the site locally, for
Southern Company #1 drilled to evaluate deep aquifers (Figure 5). Southern Company
#1 extends to a depth of 3942ft, fully penetrating (in descending order) the Wilcox,
Midway, Selma, Eutaw-McShan, and Tuscaloosa Groups. Based on interpretation of the
drill logs for this test holes and neighboring oil and gas wells, the sediments in the site
region dip to the southwest, in accordance with Hughes (1958), at approximately
42ft/mile.
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Figure 5

Geophysical log for Southern Company #1 with stratigraphic
interpretations (EIS, 2009).
Mineral Resources

There are no records of previous lignite mining in Kemper County, Mississippi.
Iron ore is reportedly available in Kemper County. The topography produced on the
Matthews Landing marl slight with low dips that would be favorable for strip mining.
Only one mine exists in Kemper County in the SE corner of the county, well outside of
10

the study area. No calculations have been made as to the exact amount of ore but the
only description of the ore indicates that several million tons could be present (Hughes,
1958.)
Sand is abundant in Kemper County, but the location of extensive sand deposts
are not favorably located for large economically workable sites (EIS, 2009). The Fearn
Springs sand member of the Nanifalia formation is the area that holds most of the larger
sand deposits. The sand is impure quartzose, and its impurities are made up of clay balls,
muscovite, and limonite. The sand itself is mostly unconsolidated (Hughes, 1958). Only
one site, north of Meridian in Lauderdale County, has been mined for sand close to the
proposed lignite mine.
Bauxite was mined during World War II with nine carloads of ore being taken out
of Kemper County. The original deposit was reported by Hughes, 1958 to be about four
feet thick and having about six feet of Kaolin overlaying it.
There is economically viable amount of clay in Kemper County. There are seven
active sites for clay and brick in the county, but none fall within the proposed study area.
The Wilcox outcrop holds most of the clays of any economical value (Hughes, 1958).
Hydrocarbons in Kemper County do not appear to be available in any economic
value. Oil has not been discovered in Kemper County, as of September 1957 fourteen
wells had been drilled, all of which were dry. There are no recent records of drilling
activity. Two of the wells drilled during the 1950’s, the first in 1956, were within a mile
of the projected site boundary. No known gas wells have been drilled (Hughes, 1958,
www.ogb.state.ms.us).
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Water Quality
Water quality monitoring has been ongoing since May 2008 in order to establish
the chemical characteristics and seasonal fluctuation of the surface waters of the study
area. Field measurements including pH, temperature, conductivity, dissolved oxygen and
turbidity were obtained on sixteen sampling events at twelve of the fourteen surface
water sites. Two of the stream sites are equipped with continuous monitoring equipment
that records stage, pH, temperature, conductivity, dissolved oxygen and turbidity
continuously and are reported hourly to the online database. Field water quality
measurements are obtained with a multi-parameter Troll® 9500. Field chlorine analysis
was conducted at all fourteen surface water sites using a LaMott chlorine colorimeter
with a detection limit of 0.01 milligram per liter (mg/L).
Samples of surface water have been collected from each of the 14 stream sites on
five occasions. Those samples were submitted to a laboratory for analysis of a wide
range of analytes including acidity, alkalinity, pH, total suspended solids (TSS), total
iron, total manganese, and total dissolved solids (TDS).
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CHAPTER III
LITERATURE REVIEW
No extensive water resources research of the proposed Kemper-Lauderdale mine
area has previously been conducted. Extensive hydrological investigations were
completed, however, prior to the opening of the Red Hills mine in Choctaw County, MS
(citation) less than 30 miles away, and within the same stratigraphic horizons.
Streams thoroughly dissect the upland areas forming dendritic drainage patterns.
Cushing states in his 1964 paper that the site lies on the eastern flank of the Mississippi
embayment. The Mississippi embayment is a southward geosyncline comprised of a
thick sequence of marine, deltaic, and fluvial sediments that range in age from
Cretaceous to Quaternary. Hughes stated that these sediments generally consist of gravel,
sand, silt, clay, lignite, marl, chalk, and limestone (1958, p. 35). The major regional
stratigraphic units associated with these sediments are given in Figure 2 and are shown in
the generalized north-south trending section on Figure 3. Sedimentary units generally dip
and the northern portions of the embayment, including the site area, overlie older
Paleozoic rocks consisting of limestone, shale, chert and sandstone.
Breyer explains in the 1991 Geological Study of America, that lignite occurs in
the Paleocene and Eocene Series of the Gulf Coast in the Midwayan, Sabinian,
Claibornian, and Jacksonian stages. Dalsin (1979) explains the lignite hydrology of the
local area. Luppens (1994) talks about the importance of lignite use. He states that
lignite is a valuable resource.
13

In 1970, Keady, published a study of the hydrochemical facies of the Wilcox in
which the regional chemical characteristics of the aquifers were explained. Later
Boswell (1976), Taylor and Authur (1989) split the Wilcox aquifer into the Upper,
Middle and Lower systems. Wasson (1980a, 1980b) developed a potentiometric map of
the Upper and Middle Wilcox aquifers. Later, Darden (1986) published the Lower
Wilcox Aquifer potentiometric map. Taylor and Thomson (1972) did a study for the use
of water for industrial development. Gandl (1982) explains the characterization of the
aquifer’s drinking water. Taylor and Thomson (1972) demonstrates how much water was
used at the time and gave estimates the area’s water of Kemper, Leake, Neshoba,
Noxubee, and Winston Counties that could be developed for industrial use.
The only nearby permitted surface water withdrawals are from the Tombigbee
River Valley Water Management District in Kemper County, and Mr. Morgan Johnson in
Marion, Lauderdale County.
Water quality standards for Mississippi are contained in MDEQ Office of
Pollution (MDEQ, 2007). This document provides water quality standards for all waters
within the state. This is used for determining water quality in the study area.
Lake Okatibbee is located approximately one mile downstream of the study area.
It is classified as a public water supply and is listed in Section IV of the state of
MWQCIIC (MDEQ, 2007). Because Lake Okatibbee is located within 50 stream miles
of the study area, toxic pollutant numeric standards for water & organisms apply. The
specific standards that apply, as well as those designated for fish and wildlife are
summarized in Table 5. Table 6 summarizes the numeric criteria for toxic pollutants.
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Table 1

State of Mississippi Water Quality Criteria for Intrastate, Interstate, and
Coastal Waters Minimum Standards Applicable to All Waters, Fish and
Wildlife (Source: MDEQ, 2007)

Parameter
Dissolved Oxygen
Daily Average
Instantaneous
pH change
Temperature
Rise
Fecal Coliform
May - Oct.
Nov. - Apr.

Specific
Conductivity
Total Dissolved
Solids

Minimum

Maximum

Monthly
Average/Mean

5.0 mg/L
4.0 mg/L
6.0 s.u.
1.0 s.u.

NA

NA

NA

9.0 s.u.
1.0 s.u.
90°F
5°F

NA
NA
200/100 mL
2,000/100 mL

NA

400/100ml more
than 10% of 30day period
4,000/100ml more
than 10% of 30day period
1,000 µmhos/cm

NA

1,500 mg/L

750 mg/L

NA

NA

This information that is provided by MDEQ Office of Land and Water Resources
states that groundwater development in the project area is limited to the Wilcox Group,
particularly the Lower Wilcox Aquifer (LWA).
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Table 2

State of Mississippi Water Quality Criteria for Intrastate, Interstate, and
Coastal Waters Numeric Criteria Applicable to All Waters Upstream of
Public Water Supply Intake (Source: MDEQ, 2007)

Parameter
Aldrin
Ammonia
Arsenic (III), Total
Dissolved
Arsenic, Total
Dissolved
Cadmium, Total
Dissolved
Chlordane
Chlorine
Chromium (Hex),
Total Dissolved
Chromium (III), Total
Dissolved
Copper, Total
Dissolved
Cyanide
4,4 DDT
Dieldrin
2,3,7,8 TCDD
(Dioxin)
alpha-Endolsulfan
beta-Endosulfan
Endosulfan Sulfate
Endrin
Heptachlor
gamma-BHC
(Lindane)
Lead, Total Dissolved
Mercury (II), Total
Dissolved
Mercury

Fresh Water
Acute
Chronic
(µg/L)
(µg/L)
3
g

340 f

g

Human Health (µg/L)
Water &
Organisms
Organisms
Only
0.00013
0.00014

150 f
0.078 i

24

1.03 b,f
2.4
19

0.15 b,f
0.0043
11

5
0.0021

168
0.0022

16 f

11 f

98

1470

323 b,f

42 b,f

100

140468

7.0 b,f
22.0
1.1
0.24

5.0 b,f
5.2
0.001
0.056

1000
200
0.00059
0.000135

1000
220000
0.00059
0.000144

0.22 j
0.22 j
0.22 j
0.086
0.52

0.056 j
0.056 j
0.056 j
0.036
0.0038

1.0 ppq d
110 k
110 k
110 k
0.76
0.000208

1.ppq d
240 k
240 k
240 k
.814
0.000214

0.95
30 b,f

0.08
1.18 b,f

0.0186
15

0.0625

2.1f

0.012

0.151

0.153
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Table 2 Continued.
Nickel, Total
Dissolved
260 b,f
29 b,f
607
4584
Phenol
300
102
300
300
Pentachlorophenol
8.7
6.7
0.28
8.2
PCB 1242
0.2
0.014
PCB 1254
0.2
0.014
PCB 1221
0.2
0.014
PCB 1232
0.2
0.014
PCB 1248
0.2
0.014
PCB 1260
0.2
0.014
PCB 1016
0.2
0.014
Total PCB
0.00035
0.00035
Selenium, Total
Dissolved
11.8 a,f
4.6 f
50
3365
Silver, Total
Dissolved
0.98 b,f
100
Toxaphene
0.73
0.0002
0.00073
0.00075
b,f
b,f
Zinc, Total Dissolved 65
65
5000
5000
b
Hardness dependent parameter. Criteria are indicated at hardness of 50 mg/l as
CaCO3.
Equations for criteria calculation of hardness dependent parameters can be found in
Quality
Criteria for Water. The equation is applicable for instream hardness ranges from 25
mg/l to
400 mg/l. If instream hardness is less than 25 mg/l, then a hardness value of 25 mg/l
should be
used to calculate the criteria. If instream hardness is greater than 400 mg/l, then a
hardness of
400 mg/l should be used to calculate the criteria.
d
Criteria for 2,3,7,8 TCDD based on a risk factor of one in one hundred thousand (105 ).
f
Parameter subject to water effects ratio equations where:
CMC = WER * Acute
CCC = WER * Chronic
g
Ammonia criteria are dependent on pH, temperature, and/or salinity
i
Refers to the inorganic form only.
j
Applies to the sum of α and β isomers.
k
Applies to individual isomers of Endosulfan including α, β, and Endosulfan Sulfate.
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There are water for several public water supply systems in the study area:
Northwest Kemper Water Assn., Collinsville Water Assn. Inc., North Lauderdale Water
Assn. Inc., and Kipling Water Assn. Inc. Wells of the Northwest Kemper, Collinsville,
and Kipling Water Assn. are in the LWA. They use the LWA for all of their water.
Wells of the North Lauderdale Water Assn. are also in the LWA with the exception of
one. It is located in the Middle Wilcox Aquifer.
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CHAPTER IV
STATEMENT OF PROBLEM
A detailed study of the water resources in Kemper County has not been
conducted. For the proposed lignite mine to take place a complete analysis of all the
water resources in the proposed area must take place.
Hypothesis
In the study area of Kemper and Lauderdale counties, there exists good quality
and quantity of both surface water and groundwater resources.
Objectives
The objective of the study is to determine the water resources of the study area.
The data collected will then serve as baseline data prior to any changes in water
conditions as a result of industrial development; population increases, and proposed
geologic and hydrologic alterations by lignite mining. The information gathered will
serve as a reference for future water resource management in the study area and
surrounding areas.
Specific objectives are:
Determine locations of existing impoundments, springs, groundwater, and surface
water resources.
Determine field and laboratory water quality of all ground and surface waters.
Determine impoundment water quantities
19

Determine spring quantities.
Determine groundwater quantities.
Determine stream flow characteristics.
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CHAPTER V
METHODOLOGY
Inventory
An inventory was conducted of every pond, water well, and spring to be
documented and, if possible, tested, within proposed mine site as well as one mile outside
of the proposed project boundary. A door-to-door survey began on May 13, 2008. At
each residence the owners were asked about any knowledge of ponds, wells, or springs
and permission was sought to measure characteristics, collect field analysis, and sample
for lab analysis if any existed. If no one was home on the first attempt, a second attempt
was made on a later date, if there was no answer the second time a note stating the
purpose of the visit and contact information was left..
Each of the site types in the inventory survey were generally treated the same as
far as equipment and sampling were concerned, but there were some differences in the
surveying of each site.
Equipment
An InSitu Troll 9500 probe was used for taking on site measurements of several
parameters for this job. There are six parameters tested: temperature, barometric
pressure, pH, dissolved oxygen, specific conductivity, and turbidity. The temperature
and barometric pressure sensors are built into the probe while the other four sensors are
external (Multi Parameter Troll 9500 WQP-100 Owner’s Manual, year). The Troll 9500
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is attached to an InSitu Rugged Reader handheld PC with the Pocked-Situ control
software installed for in the field use.
To ensure accurate data each parameter of the Troll 9500 must be calibrated with
the exception of temperature and pressure. Dissolved oxygen (DO) is usually calibrated
first because the calibration cap must remain on for ten minutes prior to calibration. For
pH two different calibration standards are used one with a pH of four and one with a pH
of seven. Specific conductivity uses a solution standard of 147µS/cm or 1413µS/cm for
calibration. Three solution standards were used for turbidity: distilled water, which has
zero nephelometric turbidity units (NTU), and two pre-measured solutions of ten and one
hundred NTU’s. Once the calibration process has been completed, the probe is ready to
for use.
A Garmin eTrex H handheld GPS was also used at each site to determine the
latitudinal and longitudinal coordinates of each site, these coordinates were recorded in
decimal degrees.
Sampling
Sampling differed for each of the three categories of sites. While all ponds were
sampled, wells could only be sampled if they were producing. Springs too could only be
sampled if they had sufficient flow. As for the act of sampling it was the same for each
of the sites. Two pint bottles were used to take the samples. One of the bottles contained
nitric acid as a preservative and the other having no preservatives. The list of analytes for
these sites can be seen in Table 1. While in the act of sampling the sampler wore rubber
gloves and filled the “none” bottle directly from the site, this was then poured into the
“nitric” bottle to avoid the loss of the preservative. The samples were stored in an ice
22

chest to keep them chilled until they were to be packaged and shipped to the laboratory.
The holding times for these samples were 72 hours meaning we could hold them
overnight, if necessary.
Table 3

Inventory-Springs, Ponds, Wells
Summary of Analytes
Acidity
Alkalinity
Bicarbonate
Carbonate
Total Dissolved Solids
Calcium
Magnesium
Potassium
Sodium
Chloride
Sulfate
Total Iron
Total Manganese
Metal Digestion

As for shipping the samples they were packaged in an ice chest with ice in an
attempt to keep the samples below 5⁰C. Each ice chest also contained a chain of
custody. A chain of custody is a document stating which samples are in the container,
who was involved in the sampling process, the person filling out the chain of custody will
sign it and put down the current date and time, and place it in the ice chest, this act is
known as relinquishing the ice chests. The ice chests are then taped up with seals being
placed on front and back to create obvious indicators of tampering.
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Quantity Characteristics
Surveying was different at each of the three site types. For the ponds, the surface
area of each site was estimated, then the levee was located and half the height of the levee
was considered to be the average depth of the pond. To finish the ponds a GPS location
was taken.
At each well site a GPS location was taken and then the information on the well
was documented. The make and model of both the pump, motor, and the horsepower of
the motor was taken if available. If the pump was operational, a pumping rate would be
determined and then the well was sampled.
A GPS location was taken of the springs like the ponds and the wells. Some
springs were not flowing enough to determine a flow rate or to even sample. If the spring
was flowing enough then a discharge rate was established at the springs by determining
width X depth, and a velocity was determined by measuring the flow of debris, such as a
leaf, resulting with a determined flow rate.
Surface Water
Fourteen surface water sites were found across southwestern Kemper County and
northwestern Lauderdale County, which were used to determine stream characteristics.
The sites form parts of four drainage basins. The surface water sites were monitored
every six weeks or during high flow events. Troll 9500 probes continuously monitor two
of the sites, SW10 (Figure 6) and SW12, which are in the downstream portion of the two
primary drainage basins. Every fifteen minutes the probes take a reading of the water,
and every hour they report via cell phone to an online database.
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Figure 6

Continuous Site SW-10.

Equipment
An InSitu troll 9500 was used, as before, with one exception a different dissolved
oxygen probe.
A StreamPro Acoustic Doppler was used to determine the discharge of streams
(Figure 7). The StreamPro Doppler unit allows discharge and velocity measurement to
be taken in a stream between fifteen and two hundred centimeters in depth, additional
software is available to extend the depth. The acoustic Doppler unit utilizes “bottom
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tracking” capabilities provide a continuous movement across the stream and obtain a
discharge measurement in two or three minutes instead of thirty minutes to an hour using
the older point-by-point and velocity meter methods (described later). The unique
abilities of this equipment allow measurements to be taken without entering the water.
Simply pull the instrument across the stream while walking across a bridge. Data are
collected in real-time and transmitted via a wireless data link to a palm PC loaded with
software, which interprets the data and generates graphs, tables, etc. which can later be
exported (StreamPro ADCP Operation Manual).
An hp iPAQ pocket PC was used to control the StreamPro unit and store the data
recorded by it.

Figure 7

Surface Water Site SW-11. Gathering a discharge measurement with the
StreamPro Doppler unit.
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Velocity meters were used as a backup for the StreamPro Doppler, and if the
water was to shallow for the StreamPro Doppler to function. A velocity meter (Figure 8)
is used to measure the velocity of flowing water. The principle of operation is based on
the proportionality between the velocity of the water and the resulting angular velocity of
the meter rotor. By placing a current meter at a point in a stream and counting the
number of revolutions of the rotor during a measured over an interval of time, the
velocity of water at that point is determined. The lower the velocity becomes, the lower
the accuracy of measurements a current meter will provide. The pygmy meter is a
smaller version of the current meter that is used in water too shallow for the standard
current meter.
A leaf test was used when the water was to shallow for the velocity meter. First
the width of the stream and at equal distances various depths along the width was
measured. Then a distance downstream to measure time taken for a leaf to float
downstream was measured. The velocity of the leaf was measured at the various depths
along the width and average the depths and times was used to calculate the discharge
(Figure 9).

27

Figure 8

Velocity Meter.
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Figure 9

A leaf test being conducted.

A LaMott Chlorine Colorimeter was used to measure chlorine amounts in water
samples from each site. The use of this machine is quite simple once the steps have been
memorized. First, take a sample bottle and fill it to the 10ml line, then carefully wipe the
bottle down with Kimwipes, or a similar product. The bottle can then be inserted into the
colorimeter. Pushing and holding the READ button will cause the colorimeter to zero the
reading, the sample bottle can then be removed, poor all but a small amount of water out
and a dp1 tablet dropped into the sample, crushed, and mixed thoroughly. Add water
back to the specified line. Once the sample has been wiped clean and placed back in the
colorimeter it can be read for the first time. That number is the amount of free chlorine.
The steps can then be repeated with the exception of a dp3 tablet being dropped in. The
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second reading will gives the total residual chlorine for the sample (LaMott 1200
Colorimeter Instruction Manual year).
A normal 76.2m (200ft) tape measure was used to check for any change in the
water level upon arriving at a site and just before leaving by measuring its stage. The
tape measure has a weight attached to the end of it so it will sink to the stream bed,
allowing depth to be measured. The weight adds an additional 36.576cm (1.2ft) to the
length of the tape, which is accounted for in the measurement. Each surface water site
has a location marked on its bridge to ensure that the stage is measured from the same
spot each time.
Sampling
Sampling the surface water sites is a more involved process than sampling at the
inventory sites. High flow events require 21 sample bottles to be filled, with the list of
analytes in Table 2. Also required are the discharge measurements of the streams, which
are done with either the StreamPro unit or a current meter. Upon arriving at a site the
stage and depth are checked with the weighted tape measure then documented. Two
people began sampling while two others measure the discharge. The two people taking
the discharge measurements ran the equipment as previously described. If the StreamPro
is used then the information will be saved on the handheld pocket pc with discharge,
velocity, area, and distance being documented in the field book. The two people
sampling started by testing the water with the Troll 9500 probe and documenting the
results. Next, start sampling for laboratory analysis; then lower a three-gallon stainless
steel bucket and a rope to be filled in the stream. To fill each sample bottle, pour from
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the bucket into each bottle individually. One ice chest is used per site with a chain of
custody and packaging being preformed just like those for the inventory sites.
Field analysis taken at each site includes temperature, pH, conductivity, dissolved
oxygen, turbidity, and color.
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Table 4

High Flow Monitoring Event

Summary of Analytes (Complete List)
Acidity (as CaCO3)
mg/L
Alkalinity (as
CaCO3)
mg/L
Ammonia Nitrogen
mg/L
Bicarbonate (as
CaCO3)
mg/L
BOD (5 day)
mg/L
Carbonate
mg/L
Chloride
mg/L
COD
mg/L

Odor

DTU

Oil and Grease
Organic N

mg/L
mg/L
mg/L
s.u.
mg/L
ohm/cm
mg/L

Color
Conductivity
Dissolved Al
Dissolved As
Dissolved Barium

mg/L
umhos/com
mg/L
mg/L
mg/L

Dissolved Beryllium
Dissolved Cadmium

mg/L
mg/L

Dissolved Chromium
Dissolved Chromium
Hexavalent
Chromium
Hexavalent
Dissolved Cobalt
Dissolved Cu

mg/L

Ortho Phosphate
pH
Phenols (Total)
Resistivity
Silicon as SiO2
TOC (Total
Organic Carbon)
Total Boron
Total Calcium
Total Coliform
Total Cyanide
Total Dissolved
Solids
Total Iron
Total Kjeldahl
Nitrogen

mg/L

Total Magnesium

mg/L

mg/L
mg/L
mg/L

mg/L
mg/L
mg/L

Dissolved Fe
Dissolved Pb
Dissolved Mn

mg/L
mg/L
mg/L

Dissolved Hg
Dissolved
Molybdenum

mg/L

Total Manganese
Total Phosphorus
Total Potassium
Total Settleable
Solids
Total Sodium
Total Sulfate (SO4)
Total Suspended
Solids

mg/L

Dissolved Nickel

mg/L

Total Thallium
Tri-Valent
Chromium

mg/L
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mg/L
mg/L
mg/L
cfu/100mL
mg/L
mg/L
mg/L
mg/L

mL/L
Mg/L
mg/L
mg/L

mg/L

Table 4 Continued

Dissolved Oxygen
Dissolved Selenium
Dissolved Silver
Dissolved Strontium
Dissolved Zinc
Fecal Coliform
Fluoride (w/o
distillation)
Hardness as
CaCO3(SM-2340B)
Nitrate (NO3-N)
Nitrite (NO2-N)

mg/L
mg/L
mg/L
mg/L
mg/L
cfu/100mL

Tri-Valent
Chromium
Dissolved
Turbidity
PCBs
VOCs
Semi-VOCs
Pesticides

mg/L
NTU
mg/L
mg/L
mg/L
mg/L

mg/L

Dioxin

mg/L

mg/L
mg/L
mg/L

Total Arsenic
Total Chromium
Total Mercury

mg/L
mg/L
mg/L

Groundwater
Groundwater monitoring wells were installed for specific aquifer testing. There
are ten wells at seven locations with eight of them being cased in 10cm pvc pipe and the
other two known as the deep wells being cased in 10cm steel pipe (Figure 10)
Equipment
A GrundFos Redi-Flo 2 pump and reel with control box was used to pump the
wells. The redi-flo pump is attached to the end of a hose with a power cord in the hose as
well and lowered into the well via the reel and the control box is used to control the speed
of the pump (GrundFos Redi-Flo 2 Instruction Manual).
A Water detection unit was used to detect and measure the water level in the well.
The detection unit is a small probe that, when is submerged in water, will complete a
circuit that causes it to emit a beeping sound that will alert the user that the water level
has been reached. The user can then check the unit on the measured cable to see the
depth of the water.
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Figure 10

Groundwater sampling.
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Two buckets are implemented in sampling the monitoring wells a stainless steel
bucket for testing the water, and a 7.5 liters (2 gallon) calibrated bucket, which was used
to determine, pump rates by timing the rate at which the pump could fill to the two-gallon
mark.
A portable generator was used to power the GrundFos Redi-Flo 2 pump and
controller box.
Sampling
The first step in sampling is to use the water detection measuring tape reel to
establish water depth. The depth of the well is then determined. The amount of water in
the well is calculated and the pump is lowered into the well. The well will then be
pumped three times until the calculated amount of water in the well has been removed so
that aquifer water can be tested, or it will be pumped until the measurements, which are
taken every five minutes with the Troll 9500, stabilize. Once stabilized the water is
assumed to be from the aquifer. When one of these two possibilities occurs, the sampling
can begin. The sample bottles are filled directly from the hose. The list of analytes to be
sampled is in Table 5.
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Table 5

Monitoring Well Sampling
Summary of Analytes
Alkalinity (as CaCO3)
Bicarbonate (as CaCO3)
Carbonate
Chloride
Color
Conductivity
Dissolved Aluminum
Dissolved Arsenic
Dissolved Barium
Dissolved Beryllium
Dissolved Cadmium
Dissolved Chromium
Dissolved Cobalt
Dissolved Copper
Dissolved Iron
Dissolved Lead
Dissolved Manganese
Dissolved Mercury
Dissolved Molybdenum

Dissolved Silver
Fluoride (w/o distillation)
Hardness as CaCO3(SM-2340B)
Nitrate+Nitrite-N
Odor
pH
Phenols (Total)
Resistivity
Total Boron
Total Calcium
Total Dissolved Solids
Total Iron
Total Magnesium
Total Manganese
Total Phosphorus
Total Potassium
Total Silicon as SiO2
Total Sodium

The state of Mississippi has minimum standards for water quality for all waters.
Some of the standards are for fish and wildlife (Table 1) and some are for the public
water supply intake (Table 2). The water sample in the study area was compared to the
Mississippi DEQ standards.
Statistics were also run on the iron content in the stream water sites. The total
iron data was gathered for all fourteen stream water sites and transferred to the SPSS
statistics program.
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CHAPTER VI
RESULTS
Athough the results of this study were originally developed and reported by the
Mississippi State research team and I, some of the results have already been viewed and
published by the Environmental Impact Statement, 2009. The study area covers an area
of approximately 60 square miles. Within the study area 192 surface impoundments or
ponds, 19 springs, and 103 wells were located. There are two major streams in the area,
which fourteen sites were chosen to monitor. There are four major sands in which
monitoring wells were installed. These sands are within two main different aquifers in
the area, the Middle and Lower Wilcox.
Surface Water and Groundwater Use
The uses of the inventoried impounded surface waters within, and immediately
adjacent to the study area, were primarily unused livestock watering and personal
recreation. Approximately 34% of the ponds are less than one acre-foot in volume (EIS,
2009). None of the surface impoundments were reported to be used for drinking water
purposes (EIS, 2009). A total of 192 surface impoundments were identified (EIS, 2009).
(Figure 11).
None of the surface waters within, or adjacent to, the project boundary are
currently designated as public waterways by the MDEQ, Office of Land and Water
Resources (OLWR), there are no permitted surface water users within, or adjacent to, the
study boundary (EIS, 2009). According to the EIS (2009), the nearest permitted surface
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water users are the Tombigbee River Valley Water Management District in Kemper
County, MS and Mr. Morgan Johnson in Marion, Lauderdale County, MS. Neither of
these permits is for consumptive use or withdraws water from within, or downstream
from, the project boundary (Leach, 2008 and EIS, 2009).
As stated in the EIS (2009), the Mississippi’s Water Quality Criteria for Intrastate,
Interstate, and Coastal Waters (MWQCIIC) document, produced by the MDEQ, Office of
Pollution Control (OPC) and dated August 2007, provided water quality standards for all
waters within the State of Mississippi. Only Okatibbee Lake is required to meet the
MWQCIIC standards for drinking water. All the other streams or impoundments within,
or immediately adjacent to, the project boundary are specifically listed in MWQCIIC and
are classified for fish and wildlife, which includes secondary contact recreation. As a
result, the streams and impoundments must meet dissolved oxygen, pH, and temperature
standards applicable to all waters in addition to bacteria, specific conductivity and
dissolved solids standards applicable to fish and wildlife.
The water quality data from field measurements and from laboratory analysis
collected from surface impoundment sites show more overall variance than the water
quality data from the streams. Ranges of key parameters are: acidity from ND to 126
mg/L and averaged 8.07 mg/L, alkalinity from ND to 82 mg/L and averaged 11.92 mg/L,
TDS from 13 mg/L to 308 mg/L, and pH from 5.48 to 10.26.
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Table 6

Selected Values from Surface Impoundment Water Chemical Analysis
Chemical Constituent
Acidity (mg/l)
Alkalinity (mg/l)
Bicarbonate (mg/l)
Carbonate (mg/l)
Chloride (mg/l)
Calcium (mg/l)
TDS (mg/l)
Total Iron (mg/l)
Magnesium (mg/l)
Total Manganese (mg/l)
Potassium (mg/l)
Sodium (mg/l)
Sulfate (mg/l)

Maximum
126
82
74
13
39.1
15
308
17.6
6.07
4.75
26.8
15
40.1
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Minimum
2
1
1
0
1.03
0.33
13
0.2
0.35
0.01
0.41
0.55
1

Average
8.07
11.92
14.63
3.57
3.58
2.77
64.97
3.19
1.31
0.18
3.55
2.38
2.9

Figure 11

Location of Surface Impoundments.
Springs and Water Wells

Nineteen springs were located in the study area, but were difficult to find (Figure
12). Only seven of the nineteen springs could be sampled. Of the seven sampled springs,
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two could be tested for flow. SPA-1001 had a flow of 0.5 gallons per minute (gpm) and
SPM-1002 had a flow of 0.24 gpm.
The existing water wells inventoried in the area were divided into four categories:
Public water wells, wells that are not used, domestically used water wells, and abandoned
water wells. Only twenty-two out of the one hundred and three wells were in use and
could be sampled (Figure 13). Most of the wells are used for agricultural use and only
23% are for domestic use (EIS, 2009). Although there are many private water wells in
the area, most are abandoned and no longer in use. According to reported well depths
(EIS, 2009), all wells in the study area were developed in the MWA or LWA. For
complete chemical analysis see the database.
Table 7

Example of Chemical Analysis of Springs and Water Wells

Chemical
Constituent
SPR-1004
WWW-1018

Acidity
(mg/l)
17
9

Total Iron
(mg/l)
1.57
0.179
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Sodium
(mg/l)
7.58
7.65

Sulfate
(mg/)
6.27
10.5

Figure 12

Locations of Springs.
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Figure 13

Location of Water Wells.
Stream Water Sites

The water quality data collected indicates stream sites SW-1 through SW-14
exhibit waters of similar qualities, but with seasonal variations. The variations that are
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larger variations are associated with storm water runoff particularly from increases in
suspended solids as already reported in the EIS (2009). Acidity values ranged from not
detected above method limits (ND) to 35 mg/L, while alkalinity values ranged from ND
to 54 mg/L. Field pH values ranged from 5.15 to 7.23. Laboratory analysis of Total
Suspended Solids (TSS) results ranged from less than 3 mg/L to 258 mg/L, while Total
Dissolved Solids (TDS) concentrations ranged from 23 mg/L to 325 mg/L. Total iron
concentrations ranged from 0.89 mg/L to 18.8 mg/L and total manganese concentrations
ranged from 0.0279 mg/L to 3.09 mg/L.
Data from all fourteen sites were collected and analyzed. Surface water sites SW10 and SW-12 are the two main streams in the area and are used as examples of the other
twelve sites. For complete chemical analysis see the database.
SW-10
Surface water site 10 (SW-10) is located on Highway 495 at an elevation of 379.4
ft. SW-10 is the most downstream site on Chickasawhay Creek. Fifteen chemical
analysis samples were taken at this site Table 9. Each maximum, minimum, average of
field and chemical analysis are listed. Seventeen discharge measurements of flow were
taken at this site. The lowest recorded discharge was 1.351 ft3/s (10/19/2008), while the
highest recorded discharge was 640.808 ft3/s (1/7/2009). The hydrograph for SW-10
(Figure 14) shows a reasonable fit (r2 = 0.73828) for the data to a linear trendline that
creates the hydrographic curve for this site. For complete chemical analysis see the
database
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Table 8

Table 9

SW-10 Field Parameters
Maximum

Minimum

Average

Temperature

82.78

46.61

64.18

pH
Conductivity

7.23
90.1

5.67
20.59

6.55
49.9

Dissolved Oxygen

16.08

6.48

10.14

Turbidity

111.2

4
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SW -10 Selected Values from Chemical Analysis
Chemical Constituent
Acidity (mg/l)
Alkalinity (mg/l)
Bicarbonate (mg/l)
Carbonate (mg/l)
Chloride (mg/l)
Calcium (mg/l)
TDS (mg/l)
Total Iron (mg/l)
Magnesium (mg/l)
Total Manganese (mg/l)
Potassium (mg/l)
Sodium (mg/l)
Sulfate (mg/l)

Maximum
22
29
18
<2
5.13
4.3
108
5.52
2.7
0.42
2.74
5.17
11.40
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Minimum
4
2
2
<2
1.56
1.68
50
1.38
1.0
0.06
1.41
1.44
2.34

Average
9.93
11.8
8.25
<2
2.85
2.74
74.27
2.92
1.7
0.19
2.26
2.81
4.13

Figure 14

Hydrograph for SW-10.

SW-12
Surface water site 12 (SW-12) is located on Townsand-Byrd Road at an elevation
of 370.4 ft. SW-12 is the most downstream site on Okatibee Creek. Fifteen chemical
analysis samples were taken at this site. Table 9 shows field parameters that were taken.
Each maximum, minimum, average are listed. Sixteen measurements of flow were taken
at this site. The lowest recorded discharge was 5.027 ft3/s (7/9/2008), while the highest
recorded discharge was 963.700 ft3/s (12/12/2008). The hydrograph for SW-12 (Figure
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15) shows an excellent fit (r2 = 0.94175) for the data to a linear trendline that creates the
hydrographic curve for this site.
Table 10

SW-12 Field Parameters
Maximum
76.9
7.21
64.31
15.87
179.9

Temperature
pH
Conductivity
Dissolved Oxygen
Turbidity
Table 11

Minimum
46.23
5.56
20.28
7.81
14

Average
62.02
6.42
39.58
11.45
52.1

SW-12 Selected Values from Chemical Analysis

Chemical
Constituent
Acidity (mg/l)
Alkalinity (mg/l)
Bicarbonate (mg/l)
Carbonate (mg/l)
Chloride (mg/l)
Calcium (mg/l)
TDS (mg/l)
Total Iron (mg/l)
Magnesium (mg/l)
Total Manganese
(mg/l)
Potassium (mg/l)
Sodium (mg/l)
Sulfate (mg/l)

Maximum
16
18
27
<2
2.95
3.12
106
7.05
2.06

Minimum
4
2
2
<2
1.5
1.36
41
1.44
1.07

Average
9.07
8.07
9.88
<2
2.24
2.27
63.6
3.35
1.43

0.44
2.89
2.82
4.74

0.05
1.39
1.43
2.47

0.17
2.06
2.15
3.49
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Figure 15

Hydrograph for SW-12

Refer to more hydrographs in Appendix I. The R-value does not fit as well as
SW-10 or SW-12 due to fluctuations of flow possibly from beaver dams. Statistics were
also looked at of total iron in the surface waters. The results were variable, but did not
show significance.
Groundwater Monitoring Wells
Ten monitoring wells were installed within the study area. Each of these wells
were pumped and sampled every three months (quarterly) for analysis. Four different
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sands were pumped in the study area. The shallowest monitoring wells are in the Middle
Wilcox aquifer and the deep wells are in the Lower Wilcox aquifer. Table 12 shows the
average values of the field parameters. The data were significantly consistent.
Table 12
Site
Number
3035-UB
3035-JK
3079-OB4
3068-UB4
3000LW4
3065-UB
3065-OB4
3017-JL4
3017-UB4
3095LW4

Average Field Parameters for Monitoring Wells.
Temperature
o
F
68.65
67.23
66.76
67.07
69.24

pH
s.u.
7.69
6.76
6.50
7.37
6.26

Conductivity
umhos/cm
37.72
27.70
22.44
54.70
9.75

D.O.
mg/L
10.16
10.63
11.15
11.77
10.46

Turbidity
NTU
3.7
16.9
6.95
1.74
2.38

67.85
65.87
66.34
70.63
70.46

7.39
6.02
6.06
7.58
6.35

27.75
22.72
20.90
32.75
11.40

11.02
11.66
12.05
10.88
9.91

2.00
17.22
3.02
8.00
11.72
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Table 13

Aquifer Analysis from the monitoring wells

.
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CHAPTER VII
DISCUSSION
Development of Water Resources
Before this study, the surface water and groundwater resources of the area have
not been developed to any important degree. Within the study area, the domestic and
agricultural use of water is the main demand. The domestic and agricultural use of the
water in the area has not put any strain of the overall water resources. The area shows no
sign of over-pumping of any aquifer, although some of the shallower wells are limited.
Also within the study area, embankment and excavation of surface impoundments alter
surface hydrology, but there is no significant alteration of flow throughout the area.
Kemper/Lauderdale – Red Hills Comparison
The results presented herein, constitute the first extensive study of the water
resources in Kemper/Lauderdale Counties. The Kemper/Lauderdale study area is almost
double the study area of the Red Hills study area (Charlton, 1999). The area of study lis
within the Wilcox Group, and the Red Hills study area also lies within the Wilcox Group.
It was first thought that two areas should be similar. There should be numerous springs
in the Kemper area, like in the Red Hills area, the water quality should be of good
quality, and the streams should be flashy.
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Surface Impoundments
Table 7 was created to compare surface water impoundments from the
Kemper/Lauderdale study area to the Red Hills study area (Charlton, 1999). All of the
averages of the tables are very similar with only a couple exceptions. The maximum and
minimum values of all the numbers were off, some by more than double. Some of the
parameters in the data could have been off due to preservation analysis were exceeded
and are highlighted in red in the raw data. As reported in the EIS (2009) the pH values of
a few surface water impoundments were below the minimum 6.0 standard. Also the pH
of several were above the maximum 9.0 standard. Only one impoundment had a pH
greater than 10.0 and was attributable to excessive application of lime by the property
owner
Stream Water Sites
The surface water sites in the Kemper/Lauderdale study area are flashy in
characteristics. Comparison of steam quality data to the water quality standards (Tables 1
and 2) indicates most of the standards are currently being met. Twelve of the 14 stream
monitoring sites have recorded pH values less than 6.0, of which, seven were recorded
during near base flow conditions.
A dissolved oxygen (DO) value of 3.976 mg/L was measured in SW-3 during the
May 23, 2008 sampling event (EIS, 2009). None of the remaining DO values in any of
stream sites were below the 5.0 mg/L daily average water quality standard. Results of the
field monitoring of the impounded water sites indicated 35% of the DO values were
below the 5.0 mg/L daily average standard; however, only 3% of the DO values were
below the 4.0 mg/L instantaneous standard (EIS, 2009). At times, fecal coliform values
exceeded monthly mean and maximum standards.
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Only a few organic pollutants were detected above detection limits. Chloroform,
endrine, and alpha-Terpineol were detected once during the study, but just slightly over
detection limit. Endrin Ketone was the other pollutant detected at more than one site, but
this detection only happened during one sampling event. Total dissolved metal
concentrations were detected in some of the samples collected from SW-1 through SW14. Laboratory analyses indicates occasional dissolved chromium concentrations up to
0.00325 mg/L, dissolved copper up to 0.00537 mg/L, dissolved lead concentrations
ranged from ND to 0.00117 mg/L, dissolved nickel up to 0.0045 mg/L and dissolved zinc
up to 0.164 mg/L. Some of these concentrations of dissolved metals exceed the chronic
and/or acute water quality standard listed in the MWQCIIC. The dissolved copper
concentration of 0.00537 mg/L detected in the sample collected from SW-8, during the
high flow event, exceeded the chronic health standard of 0.0005 mg/L. Dissolved lead
concentrations ranging from 0.00118 mg/L to 0.00174 mg/L were detected in the samples
collected from SW-2, SW-3, SW-5 through SW-9, SW-13 and SW-14 which meets or
exceeds the chronic standard of 0.00118 mg/L (EIS, 2009). A dissolved zinc
concentration of 0.164 mg/L was detected in the sample collected from SW-7 that
exceeds the chronic and acute standard of 0.065 mg/L. None of the remaining analytes
listed on Table 2 were detected above detection limits (EIS, 2009).
As described in the results there were a few parameters at the surface water sites
that exceeded daily averages. The parameters seem to be insignificant and show to cause
no major problems.
Surface water sites SW-10 and SW-11 had flow and chemical analysis done in
August of 1980 (USGS, 1980). Similar parameters that were tested in this study now
were also tested in 1980. Even though the sites were only tested once in 1980, the data
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then is consistent with the data now. The only parameters that show a difference are
turbidity and color. In 1980, the turbidity was 4.0 NTU and the color was only 20 APC
at SW-10. At SW-11, in 1980, the turbidity was 9.0 NTU and the color was 55 APC.
Now at SW-10 turbidity readings have not been less than 14 NTU and the color readings
have not been less than 80 APC, and at SW-11 turbidity readings have not been less than
11 NTU and the color readings have not been less than 100 APC. An explanation for the
color readings could be due to extensive logging throughout the area. The logging may
also be the cause of more sediment entering these sites.
Once a boxplot graph was developed on the total iron data in the stream water
sites, outliers and extremes were easily visible. Then, the data was analyzed using a
boxplot method. This gave the mean, median, minimum, maximum, upper and lower
quartiles, and the outliers. This shows how a few extreme data points could have skewed
the data. These few points over two years show no significance in the data. The statistics
of the iron show no significant result. Such a variable was expected due to the similar
results in the Red Hills mine.
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CHAPTER VIII
CONCLUSIONS
The water resources of the proposed lignite mine in Kemper/Lauderdale County,
Mississippi study area have been assessed to determine the baseline water characteristics
prior to lignite mining. Every aspect such as quantity, quality, and location of all the
waters have been assessed. Four drainage basins are in the area two of which are minor
and two are major. The major two drainage basins ultimately meet and feed into
Okatibbee Lake.
For nearly two years, the water resources were monitored. A base flow and high
flow sampling event was taken to show how much runoff is expected for streams in the
area. This data shows what to expect when large amounts of water flows through the
area. The data collected is used to create models that help control the water resources, if
the mine were to take place. The high, low, and regular sampling events show no major
problems with the quality of the water.
The groundwater in the area was also monitored. Every three months the
monitoring wells were sampled. Sampling showed consistent data. Every time the water
level in the monitoring wells was taken, the depth was basically the same depth. Also,
the parameters taken in the field and at the laboratory showed no problems with the water
quality.
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The water resource for the Kemper/Lauderdale area has thoroughly been assessed
confirming the project area has good quality water and flashy streams. Water monitoring
should continue in the study area.
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APPENDIX A
SURFACE WATER HYDROGRAPHS
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SW-1
Discharge (ft3/s)

100.000
10.000
1.000
0.100
0.010
461

462

463
Stage (ft)

464
465
y = 13.283x - 6131.2
R² = 0.2545

SW-3
Discharge (ft3/s)

1000.000
100.000
10.000
1.000
0.100
401

402

403

404

405

Stage (ft)

60

406
407
408
y = 49.824x - 20041
R² = 0.965

SW-4
Discharge (ft3/s)

10.000

1.000

0.100

0.010
447

447.5

448

448.5

449

y = 3.1297x - 1399.9
R² = 0.2644

Stage (ft)

SW-5
Discharge (ft3/s)

100.000
10.000
1.000
0.100
0.010
410

410

411

411
Stage (ft)

61

412

412

y = 6.9076x - 2832.1
R² = 0.3605

SW-8
Discharge (ft3/s)

10.000

1.000

0.100

0.010
393

394

394

395

395

y = 1.9252x - 757.39
R² = 0.2385

Stage (ft)

SW-10
1000.000

Discharge (ft3/s)

100.000

10.000

1.000

0.100
353

358

363
Stage (ft)
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368
y = 41.563x - 14905
R² = 0.7383

SW-11
Discharge (ft3/s)

1000.000
100.000
10.000
1.000
0.100
360

362

364

366

368

Stage (ft)

370

372

y = 46.908x - 16937
R² = 0.884

SW-12

Discharge (ft3/s)

1000.000
100.000
10.000
1.000
0.100
346

348

350

352

354

Stage (ft)
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356

358

360

y = 72.315x - 25193
R² = 0.9418

SW-13
Discharge (ft3/s)

1000.000
100.000
10.000
1.000
0.100
0.010
390

391

392

393

394

395

Stage (ft)

396

397

398

y = 31.609x - 12384
R² = 0.8864

SW-14
Discharge (ft3/s)

1000.000
100.000
10.000
1.000
0.100
391

392

393

394

395

Stage (ft)

64

396

397

398

y = 43.422x - 17037
R² = 0.9621
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